By DNA-DNA reassociation kinetic analysis, less than one genome equivalent per cell of human CMV-DNA was found in two lymphoblastoid cell lines, one derived from the peripheral blood of a congenitally infected male infant at the age of 2I months (D4 cell line), the other obtained by co-cultivation of lethally X-irradiated cells from the 9-month lymphoblastoid cell line previously described by Joncas et al. (1975) with cord blood leukocytes of a female newborn (MI cell line). Human CMV antigens could not be detected and virus could not be rescued from these cells by co-cultivation with fully permissive human fibroblasts. It may be that the CMV-DNA is defective. Epstein-Barr virus DNA as well as EBNA and EBV-EA antigens were present in these cell lines. Both lines express surface markers characteristic of thymus-independent, B lymphocytes.
INTRODUCTION
Various investigators have shown that several herpes viruses establish a persistent infection in the host. Thus, herpes simplex viruses (HSV) types I and 2 were found to persist in neuronal cells (Bastian et aL 1972; Baringer & Swoveland, I973; Baringer, 1974) and the Epstein-Barr virus (EBV) in lymphoblastoid cells (Nilsson, 197I) .
Two recent reports have also documented the persistence of the human cytomegalovirus (CM¥) genome in cultured human cells, one in a lymphoblastoid cell line (LCL) derived from peripheral blood lymphocytes of an infant with congenital CMV infection (Joncas et al. 1975) and the other in cultured fibroblasts of prostatic origin (Rapp et al. 1976 ). In addition, it has been found that in vitro infection of peripheral leukocytes with CMV may result in a persistent infection at a very low level (St. Jeor & Weisser, 1977) . On the other hand, following experimental CMV infection of the Raji lymphoma cell line, an abortive CMV-DNA synthesis was also detected (Huang & Pagano, 1975) . The present paper reports on additional evidence regarding the persistence of the CMV genome in two new LCL (D4 and MI). By molecular hybridization, less than one CMV genome equivalent per cell was found in these LCL. Finally, a brief characterization of the CMV strain (CMV-DU) isolated from the urine of the infant from whom the CMV-carrying LCL were derived is described. METHODS Origin and establishment of CMV-positive, EBV-positive cell lines. The cell line D 4 was derived at the age of 2I months from the peripheral blood of a male infant (S.D.) with congenital cytomegalovirus infection. The clinical report of this case is published elsewhere (Joncas et al. 1975 (Joncas et al. , 1977 .
The D 4 LCL was established as follows: peripheral blood (IO ml) was collected in heparinized tubes, and the lymphocytes were separated on Ficoll-Hypaque gradients. The separated lymphocytes were grown in suspension cultures in Falcon plastic flasks using RPMI I64O medium supplemented with 15 % foetal calf serum, penicillin ioo units/ml and gentamycin 50/~g/ml.
For the establishment of MI LCL, 2 × IO 5 lethally X-irradiated (5ooo rads) ceils of (male) D2 LCL (Joncas et al. I975) were co-cultivated with I x IO e cord blood lymphocytes from a female donor in a culture tube and incubated in the vertical position under growth conditions as described in detail elsewhere (Menezes et al. I975) .
Other cell lines. Human fibroblasts WI-38 (ATCC, CCL-75 ) and IMH-P, another human diploid fibroblast cell strain established in our laboratory (Chagnon & Pavilanis, 1965; Lussier et al. 1966 ) were used to propagate AD-I69 CMV, and CMV-DU strains. These cells were maintained in Eagle's minimal essential medium (MEM) with to % foetal calf serum and antibiotics in the concentration mentioned above. After reaching confluence, the amount of foetal calf serum was reduced to 4 %-
The P3-HR-I cell line, an EBV producer cell line, was used to obtain large amounts of EBV for the molecular hybridization studies (Adams, 1975) .
The BJA-B cell line, an EBV genome negative human lymphoblastoid cell line (Menezes et al. 1975 ) was used as a semi-permissive cell line for EBV, and Molt 4, an EBV genome negative T cell line, as a non-permissive control line (Minowada et al. I972) .
Identification of the CMV-DU strain. Cytomegalovirus, strain CMV-DU was isolated from five urine samples collected from the infant (S.D.) from the first day of life to age 3 years. The identification of CMV was done by complement fixation using the extract of human embryo fibroblast infected cells and a reference serum positive for CMV antibodies but negative for herpes simplex and varicella-Zoster antibodies (Lennette & Schmidt, 1969) .
Immunofluorescence for virus antigens. The immunofluorescent antibody technique used to detect the EBV virus capsid antigen (EBV-VCA), the early antigen (EBV-EA), the nuclear antigen (EBNA) and to measure the corresponding antibodies in reference sera has been described in detail elsewhere (Joncas et ak 1974; Joncas, 1976) . CMV early antigen antibodies (CMV-EA) and CMV late antigen antibodies (CMV-LA) were measured according to the method of de Th6 et al. (1974) except that virus DNA synthesis was blocked by phosphonoacetic acid (PAA: 50 #g/ml) instead of Ara C. Antibodies against CMV nuclear antigen (CMV-NA) were measured on PAA-treated CMV-infected human embryo fibroblasts by the anticomplement immunofluorescence (ACIF) test, as used for the detection of EBNA. In one additional experiment the ACIF test was done with the extended incubation period overnight at 4 °C as done by Geder (1976) .
Cell surface markers and intracellular immunoglobulins. Surface-bound immunoglobulin CMV and EBV in lymphoid cells 52I was detected by means of direct membrane immunofluorescence assay on fresh live cells by using polyvalent goat anti-human immunoglobulins (IgG, IgM and IgA) as described by Menezes et al. I976 . Receptors for unsensitized sheep red blood cells (SRBC), for the Fc fragment of IgG and for complement were detected by means of rosette techniques as described by Jondal & Klein (I973) . EBV receptor assay was carried out by membrane immunofluorescence as reported by Menezes et al. 1976 . The detection of cytoplasmic immunoglobulin was done on acetone-fixed cells, both by direct immunofluorescence using Hyland fluorescein-conjugated anti-human IgM (#-chain specific) and anti-human IgG (y-chain specific and heavy and light chain specific) antisera. The specificity of the reaction in the direct test was confirmed by a blocking test using unconjugated antisera to the human #, y, ~ and ~ heavy chains and K and A light chains.
Purification of EBV, CMV and of the virus DNA. Cytomegalovirus (the AD-I69, Towne and the CMV-DU strains) was propagated and purified according to methods previously described (Huang et al. 1973 ). CMV-DNA was also extracted as previously described (Huang et al. 1973) . EBV was concentrated and purified following the method described by Adams (1975) .
Purification ofEscherichia coli DNA polymerase I (pol. I). Pol. I was purified according to Richardson et al. (1964) as modified by Jovin et al. (1969) . Sephadex G-Ioo filtration was used to remove exonuclease III instead of hydroxypatite chromatography. The enzyme fraction obtained from Sephadex G-Ioo was designated as fraction VII.
Radioisotope labelling of CMV and EBV-DNA in vitro. EBV or CMV-DNA (I to 1.5 #g) in 0"45 ml of TBS, pH 7"4, o-oi M-MgC12, o.oo6 M-flomercaptoethanol was exposed to o-05 ml of pancreatic DNase I (o.I #g/ml at 37 °C for 15 to 3o min) and was then brought to 8o °C for IO min to inactivate the DNase. The polymerization and repair of nicked DNA was carried out in the presence of o'5 to 1 mCi of lyophilized 3H-TTP (48 Ci/mmol) in o-I ml of a 7 x concentration of reaction mixture, containing 0"35 M-tris-HC1 buffer, pH 7"4, o'o49 M-MgCI~, o'0O7 i-fl-mercaptoethanol, 0"0o07 M-cold dCTP, dGTP, dATP, o-o6 ml (4 units) of pol. I enzyme, fraction VII, and water to make the volume o'7o ml. After incubation at I7 to 19 °C for 2 h or more until incorporation reached its plateau, the reaction was stopped by the addition of Sarkosyl 97 (final concentration 1%) and then heated to 8o °C for 5 min. The reaction mixture was passed through Sephadex G-5o , equilibrated with o.oi i-tris buffer, pH 7"4, o.ooI M-EDTA and o.I % Sarkosyl 97-The DNA-containing fractions were extracted with phenol and precipitated with 2"5 vol. of ethanol dissolved in o.I x SSC or TBS, then dialysed and stored at -7 ° °C (Huang et al. 1973; Nonoyama & Pagano, I973) .
DNA-DNA reassociation kinetics analysis. The in vitro 3H-labelled virus DNA molecules and unlabelled cell DNA were fragmented by ultrasonic vibrations to about 5-6S as determined by preparative ultracentrifugation (Nonoyama & Pagano, 1973) . The procedure for DNA-DNA reassociation followed the method of Kohne & Britten, (1971) modified as described later (Nonoyama & Pagano, 1973) .
Restriction endonuclease cleavage. Restriction endonuclease EcoRI was purified from Escherichia coli strain RyI3 by the method of Greene et al. (1974) and Hind III was purified from Haemophilus influenzae by the method of Smith & Wilcox (197o) . The virus DNA extracted from the AD-I69, Towne and CMV-DU strains was digested by the above restriction enzymes, and the DNA fragments were separated by 1% slab gel electrophoresis according to methods described in detail elsewhere (Kilpatrick et aL 1976) . 
RESULTS

Cell surface markers and intracellular immunoglobulin
The D4 and MI cell lines, as shown in Table I , possess the main features characteristic of human B lymphocytes, that is, they carry surface-bound immunoglobulin and lack receptors for SRBC. Both LCL also bear EBV and complement receptors.
In The salt concentration was then adjusted to 0"9 M-NaC1. Total volume was x-2 ml in all experiments. Hybridization was carried out at 66 °C, and the fraction of reassociated 3H-DNA was analysed by SI enzyme differential digestion.
blocked by an anti-/z-chain antiserum and partially blocked by a t¢ light chain antiserum. Both conjugates failed to stain CMV-infected human embryo fibroblasts; therefore neither CMV antigens nor CMV-induced Fc receptors could be involved in this reaction.
lntracellular virus antigens
The D4 and MI cell lines were found to be EBNA positive by the ACIF test using an EBV and CMV positive serum. However, when three CMV positive and EBV negative sera were used, the test was negative even when the sera were reacted with the cell smears for 30 min to I h at both room temperature and 37 °C followed by overnight incubation at 4 °C, as reported for CMV-NA (Geder, I976). These CMV positive, EBV negative sera were obtained from three I-year-old infants excreting CMV in urine and/or throat. In addition, the serum of the infant's mother which had an EBNA titre of io on Raji cells had the same fitre on D2 cells but failed to show any fluorescence at higher dilutions although the CMV-IF, EA and NA titre of this serum on CMV-infected human embryo fibroblasts was 128o and 20 (Joncas et al. 1977) . All the cell lines were shown to be VCA-negative by indirect immunofluorescence using an EBV-VCA positive, EA negative reference human serum.
DNA hybridization studies
Cellular DNA extracted from the D4 cell line was shown to contain approximately four copies of EBV-DNA using o.o2/~g of labelled HR-I EBV-DNA in a reassociation kinetics assay. The Cot curve, however, levelled off at 7o% renaturation, indicating incomplete homology with the labelled P3-HR-I EBV probe (Fig. 2) . These results were almost identical to those obtained previously with the D2 cell line (Joncas et al., I975) . In similar reassociation kinetics experiments using labelled AD-I69 CMV-DNA, the D4 and the MI cell lines were found to contain approx, o'3 genome/cell of the CMV-DNA since the Cot curve corresponding to approx. I copy/cell at 5o% renaturation, levelled off at 3o to 4o% renaturation (Fig. 3) . In one of the two experiments, the reassociation kinetics analysis was carried out over approx. 3oo h in order to document more clearly the levelling off of the curve.
Restriction endonuclease and DNA-DNA reassociation kinetics analyses of CMV-DU virus DNA
In order to characterize more accurately the CMV-DU strain isolated from the urine, CMV-DNA extracted from this strain was submitted to EeoRI and Hind III restriction endonuclease cleavage. The restriction enzyme cleavage products of CMV-DU DNA, of AD-I69 CMV-DNA and of Towne CMV-DNA were subjected to electrophoresis in 1% agarose slab gels. The electrophoretic pattern given by the CMV-DU strain was quite similar to that given by the AD-I69 and Towne strains of CMV although not identical (Fig. 4) . Furthermore, by reciprocal hybridization the reassociation rate of labelled AD-169 DNA or of the CMV-DU DNA was greatly accelerated by an excess of cold CMV-DU DNA or cold AD-I69 CMV-DNA, indicating extensive homology between the two CMV strains (Fig. 5) . In contrast, the reassociation rate of the labelled HR-I EBV-DNA was unaffected by an excess of cold CMV-DU DNA (Fig. 6 ).
DISCUSSION
These findings further substantiate the persistence of CMV in lymphoid cells displaying B-cell characteristics. Whether the CMV genome is persisting unexpressed in a latent defective form in each of the cells or whether undetectable non-infectious CMV particles are produced by very few cells is still a moot point. Less than one copy per cell of the CMV genome has been found in both D 4 and MI cell lines, but no CMV antigens could be detected in these cell lines. The most likely explanation for these findings is that the non-hybridizable portion of the CMV genome is deleted and that the defective fraction is present in all the cells. In contrast, several copies (4 to IO per cell) of the EBV genome have been found in all the cell lines examined by molecular hybridization. The results, however, have revealed only 65 to 7o% homology of this EBV-DNA when the P3-HR-I EBV-DNA is used as the labelled probe in the assay. The possibility that 30 to 35 % of the EBV genome could be deleted appears less likely than the possibility that a different strain of EBV sharing only 65 to 7o ~o homology with the P3-HR-I EBV strain from Africa is persisting in these lines. Hybridization experiments were carried out at 66 °C, and the fraction of reassociated aH-DNA was analysed by SI enzyme differential digestion.
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The non-defective state of the EBV genome in contrast to CMV is supported by the fact that attempts to rescue the CMV or EBV from the D2 cell line (Joncas et al. I975 ) by co-cultivating these ceils with human embryo fibroblasts known to support the growth of the AD-I69 and the CMV-DU strain or with cord blood leukocytes failed to yield CMV but demonstrated the rescue of EBV (Fig. I) . No CMV antigen could be detected in the cells co-cultivated for five weeks, nor could infectious CMV be recovered in two successive co-cultivation attempts. A few EBNA-like positive cells, however, were seen by the ACIF test within 72 h of inoculation of a cell free extract of the co-cultivated cells, positive for herpesvirus particles, into the EBV genome negative BJAB cell line semi-permissive for EBV (Menezes et al. I975 ). This positive test was obtained with an EBV positive/CMV positive serum, but not with a CMV positive/EBV negative serum.
Therefore, the rescue of identifiable herpesvirus particles with biological characteristics of EBV from the D2 cell line, the finding of several copies of the EBV genome in contrast to less than one copy per cell of the CMV genome and the undetectability of CMV antigens and of infectious CMV all suggest that our interpretation of the findings is probably correct. The establishment of multiple clones of these ceils and the study of these cloned cell lines by irnmunofluorescence and molecular hybridization, now in progress, will help to resolve the problem and to determine whether the EBV and CMV genomes are present in each of the cells or in different cells of the same line. The possibility of a hybrid of EBV and CMV was once considered since the CMV genome could not be found without EBV in any of the available lymphoblastoid cell lines. The finding of EBV alone in the DI cell line, however, makes this attractive possibility less likely (Joncas et aL I975) . E.-S. HUANG AND OTHERS Finally, the curious production of immunoglobulin M by the EBV-CMV positive cell lines in contrast to other cell lines available from the same infant but lacking the CMV genome might be under the control of the CMV genome. This phenomenon could be analogous to the induced synthesis of Fc receptors by HSV and CMV infections (Keller et al. 1976; Westmoreland & Watkins, 1974) . The study of this phenomenon may yield valuable information toward a better understanding of the immunoglobulin abnormalities and auto-immune phenomena observed during CMV and EBV infections in vivo (Carter & Penman, 1969) . These possibilities and particularly the possibility that the synthesized immunoglobulin may have heterophil antibody activity or specific virus antibody activity, are presently under investigation. This work was supported by U.S. Public Health Grant AI-127I 7 from NIAID, Grant CA-I6O82 from NCI and Grants from the NCI, Canada. We thank Shu-Mei Huong, Angelo Bourkas and Adrian Wills for technical assistance. Jos6 Menezes is a 'Scholar' of the Medical Research Council of Canada.
